Two simple Bartonella bacilliformis immunoblot preparation methods were developed. Antigen was prepared by two different methods: sonication of whole organisms or glycine extraction. Both methods were then tested for sensitivity and specificity. Well-defined control sera were utilized in the development of these diagnostic immunoblots, and possible cross-reactions were thoroughly examined. Sera investigated for cross-reaction with these diagnostic antigens were drawn from patients with brucellosis, chlamydiosis, Q fever, and cat scratch disease, all of whom were from regions where bartonellosis is not endemic. While both immunoblots yielded reasonable sensitivity and high specificity, we recommend the use of the sonicated immunoblot, which has a higher sensitivity when used to detect acute disease and produces fewer cross-reactions. The sonicated immunoblot reported here is 94% sensitive to chronic bartonellosis and 70% sensitive to acute bartonellosis. In a healthy group, it is 100% specific. This immunoblot preparation requires a simple sonication protocol for the harvesting of B. bacilliformis antigens and is well suited for use in regions of endemicity.
Bartonella bacilliformis is a gram-negative, facultatively intracellular bacterium that is the causative agent of bartonellosis, a biphasic illness endemic in the high-altitude river valleys of Peru, Colombia, and Ecuador. The acute febrile phase, known as Oroya fever, is characterized by severe hemolytic anemia due to B. bacilliformis invasion of as many as 90% of erythrocytes. During and briefly following this febrile illness, a period of immunosuppression is associated with a high rate of secondary infections, most notably with Salmonella species (8) . In the preantibiotic era, the acute phase of illness was thought to be fatal in about 40% of patients (29) , although a mortality rate of 88% in untreated cases was observed during the 1987 Shumpillan outbreak (10) . Appropriate antibiotic therapy reduces mortality to 8.8% (20) . Four to 8 weeks after initial infection, the patient presents with the chronic phase of bartonellosis, dubbed verruga peruana. Vascular exophytic or nodular skin lesions, resulting from the invasion of vascular endothelial cells by the bacterium and a reactive angiogenic proliferation, characterize the verruga peruana. During the chronic phase of the illness, examination of peripheral-blood smears almost always fails to reveal B. bacilliformis (12) , although in a small number of cases blood cultures may be positive (11) .
Current methods employed for the diagnosis of bartonellosis have significant limitations. While performing a peripheralblood smear by techniques such as Giemsa staining is rapid and simple, the sensitivity of peripheral-blood smear examination is very low in mild cases of disease and in the subclinical and chronic phases of illness. Diagnosis by blood culture is complicated by the need for prolonged incubation (1 to 6 weeks), which predisposes the system to contamination. Rates of blood culture contamination ranged from 7 to 20% in previously reported series (12, 13, 19) . Histopathologic diagnosis with either hematoxylin and eosin or methionine silver stain is possible and is the current "gold standard" for the diagnosis of chronic bartonellosis. Even so, diagnosis by these staining methods is far from ideal. Frequently, the organisms are not clearly identifiable in the lesions and diagnosis relies on morphological changes, such as angioblastic proliferation with endothelial cell hyperplasia and engorgement, spindle cell proliferation, and histiocytic and lymphocytic invasion. These changes are pseudoneoplastic, and the possibility of incorrect classification of these lesions as cutaneous neoplasms or Kaposi's sarcoma by experienced pathologists has been clearly illustrated by Arias-Stella et al. (3) .
In 1988, Knobloch (16) developed a B. bacilliformis-specific enzyme-linked immunosorbent assay utilizing high-performance liquid chromatography and photodiode array detection for the purification of the B. bacilliformis antigen. However, the antigen preparation employed is laborious and requires technology that is expensive and is unavailable in regions where bartonellosis is endemic. The limitations of currently available diagnostic tests, recent outbreaks in areas of endemicity (7), the emergence of bartonellosis outside previously described zones of endemicity (1) , and recent reports of atypical or subacute forms of bartonellosis (2) all indicate the need for new, improved diagnostic tests for this disease. Here we report an immunoblotting method useful in the diagnosis of both acute and chronic phases of bartonellosis.
MATERIALS AND METHODS
Sera. Forty-two sera were collected from Peruvian patients with acute or chronic phases of bartonellosis. These included 18 patients from the Amazonas region and 24 patients from various regions of endemicity who had migrated to Lima and were treated at the Hospital Nacional Cayetano Heredia. Acute patients (n ϭ 10) had documented positive peripheral-blood smears and were febrile at the time sera were taken. The remaining 32 sera were drawn from patients with chronic bartonellosis, defined as those patients who had a biopsy diagnosis of verruga peruana.
Control sera (n ϭ 80) were taken from subjects from regions where bartonellosis was not endemic. These included 31 healthy adult laboratory workers in the Infectious Diseases Laboratory, Pathology Department, Universidad Peruana Cayetano Heredia (Lima, Peru), and 49 archived sera taken from a healthy pediatric population in Las Pampas de San Juan de Miraflores, a district of Lima. The median age of pediatric subjects was 2.1 years, with a range of 3 days to 17.7 years. Pediatric subjects generally were from Lima, while the adult control group spanned a wide range of economic and geographic origins.
Possible cross-reactions were thoroughly examined. Sera from patients infected either with bacteria highly homologous to B. bacilliformis (5, 6, 15, 22, 23) or with bacteria which have previously demonstrated cross-reactivity with B. bacilliformis surface antigens (17, 18) were collected. These included 12 sera from patients with cat scratch disease, provided by Specialty Laboratories, Inc. (Santa Monica, Calif.), as well as 20 archived sera from Peruvian patients with chlamydiosis. Richard Birtles, of the Unite des Rickettsies, Faculte de Medecine, Universite de la Mediterranee (Marseille, France), supplied us with 7 sera from patients with Q fever and 30 sera from patients with brucellosis. Twenty additional sera from patients with brucellosis were contributed by the National Institute of Health in Mexico, courtesy of Delores Correa. All sera examined for cross-reaction to these immunoblots were taken from patients native to regions where bartonellosis is not endemic.
Bacterial strains and culture conditions. B. bacilliformis ATCC 510 was obtained from the United States Naval Medical Research Institute Detachment (NAMRID) in Peru. The bacteria were cultured in a biphasic medium. The solid component was a modified F1 medium (S. Romero, personal communication) containing 10% (vol/vol) defibrinated sheep's blood (Department of Public Health, School of Veterinary Medicine, Universidad Nacional Mayor de San Marcos, Lima, Peru), 1 g of glucose/liter, 20 g of tryptose (BBL Microbiology Systems, Cockeysville, Md.)/liter, 5 g of NaCl/liter, and 2% (wt/vol) agarose. The liquid phase contained RPMI medium (GIBCO BRL, Gaithersburg, Md.) enriched with 5.9 g of HEPES buffer (Sigma Chemical Co., St. Louis, Mo.)/liter, 2.0 g of Na 2 CO 3 /liter, and 10% (vol/vol) fetal bovine serum (Sigma). Specimens were incubated at 28°C for 7 to 14 days and then successively replicated in liquid media and incubated at 28°C for an additional 14 to 20 days as needed.
Antigen preparation. Intact cells were isolated from the culture medium by centrifugation at 14,470 ϫ g for 10 min at 4°C. The pellet was washed three times with Sorenson buffer (24) at 20,840 ϫ g for 20 min at 4°C. Crude antigen was then harvested by one of two methods, either the sonication of whole organisms or glycine extraction (9) . Briefly, in the first of these extraction methods, the pellet was resuspended in 5 ml of 0.1 M phosphate-buffered saline (PBS), pH 7.2, followed by three rounds of sonication (1 min) and chilling on ice (2 min). Insoluble particles were separated by centrifugation at 32,570 ϫ g for 30 min at 4°C. The isolated supernatant was adjusted to pH 7.0 and used as an antigen. In the extraction of antigen by glycine, the washed pellet was agitated with an equal volume of 0.2 M glycine-HCl (pH 2.0) for 15 min at 25°C. Insoluble particles were separated by centrifugation at 32,570 ϫ g for 30 min at 4°C, and the isolated supernatant was adjusted to pH 7.0. This solution was then dialized overnight at 4°C with molecular porous membranes (Spectrum Medical Industries, Los Angeles, Calif.) in a sterile distilled-water bath and used as an antigen. In both cases, resultant protein concentrations were determined by the Bradford assay (4), and the antigen was stored at Ϫ70°C until it was needed. SDS-PAGE. Prepared antigen was incubated in a solution of 1% (wt/vol) sodium dodecyl sulfate (SDS), 0.1% (wt/vol) bromophenol blue, 40% (vol/vol) glycerol, and 0.01 M Tris-HCl (pH 8.0) (final protein concentration, 0.1 g/l) for 20 min at 65°C (26) under nonreducing conditions. SDS-polyacrylamide gel electrophoresis (PAGE) was then performed on 12% homogeneous gels. A modified discontinuous Tris-borate-sulfate-chloride buffer system was used, as previously described (14, 21, 26) . Protein size was estimated by the use of low-range prestained protein molecular weight standards (GIBCO BRL), ranging from 2.3 to 43 kDa, and the LMW marker kit (Pharmacia Fine Chemicals, Piscataway, N.J.), with markers ranging from 14.9 to 94 kDa. The gels were stained with silver nitrate (25) .
Enzyme-linked immunoelectrotransfer blotting. Antigens separated by SDS-PAGE were transferred to nitrocellulose paper (0.2 m pore size) in a blotting medium consisting of 212 mM Tris and 20% (vol/vol) methanol (pH 9.2) for 2 h at 1.4 mA (27) . The blots were washed four times in 0.3% (vol/vol) Tween 20 (Sigma) in 0.1 M PBS (pH 7.2) and twice with PBS alone. Cut strips were submerged in sera diluted 1:50 with 5.0% fat-free milk powder in PBS-Tween (28) and were agitated overnight. Unbound serum components were removed by five washes with warm (56°C) PBS-Tween, followed by five additional PBSTween washes with buffer at room temperature. The strips were then incubated for 1 h with 1:2,000 horseradish peroxidase-conjugated goat antibody to human immunoglobulin G (IgG) in PBS-Tween. Unbound conjugate was eliminated by three successive PBS-Tween washes and five washes with PBS alone. B. bacilliformis-specific antibodies were visualized with 0.14 M 3,3 diaminobenzidine for 10 min, and the reaction was quenched with distilled water (26) .
Identification of diagnostic bands. To identify diagnostic bands, SDS-PAGE results obtained from prepared antigen were compared to those obtained from a series of serum pools. Potential diagnostic bands were identified by a comparison of prepared antigen with both a serum pool taken from blood smear-or biopsy-confirmed cases of bartonellosis (positive control) and a second pool of normal sera taken from healthy North American subjects, which was acquired from the Centers for Disease Control and Prevention (negative control). In the final designation of diagnostic bands, consideration was given to the reactivity of these possible B. bacilliformis-specific antigens with sera taken from patients infected with Chlamydia psittaci, Bartonella henselae, Coxiella burnetii, and Brucella species, as well as with samples taken from healthy Peruvian controls, as described above. Antigenic bands yielding the greatest sensitivity and specificity, while producing the fewest cross-reactions in the sera examined here, were designated the diagnostic protein bands. The presence of at least one selected diagnostic antigen band was interpreted as a positive result.
Definitions. For the purposes of this study, "specificity" was calculated from sera taken from a healthy group of negative controls. Cross-reacting sera were not included in the calculation of assay specificity, because brucellosis, Q fever, and chlamydiosis, although occurring, are not common diseases in populations affected by bartonellosis.
"Cross-reaction" values were calculated from the number of false-positive results in individuals with a specific disease. Cross-reacting sera were taken into account only within the scope of cross-reaction, not in the calculation of general specificity.
RESULTS

Diagnostic protein bands.
Antigen prepared by sonication revealed 34 bands, of which 7 were identified as possible diagnostic bands. These ranged from 13 to 42 kDa. The preparation of antigen by glycine extraction revealed 35 bands, of which 13 were identified as possible diagnostic bands. These had relative molecular masses ranging from 10 to 42 kDa.
In each preparation method, two diagnostic bands were selected on the basis of high sensitivity and specificity (data not shown). Sonicated antigens produced diagnostic bands at 17 and 18 kDa (Fig. 1) . In antigen prepared by glycine extraction, diagnostic bands corresponded to those at 16 and 18 kDa. Diagnosis based on the presence of at least one of the two selected diagnostic antigen bands permitted greater assay sensitivity without compromising specificity (data not shown).
Immunoblot sensitivity. Both antigen preparation techniques produced immunoblots that were highly sensitive to the chronic phase of disease. One or both diagnostic bands were observed in 30 of the 32 sera (94%) taken from patients with confirmed cases of chronic bartonellosis when tested by either immunoblot preparation. Sera taken from patients with Oroya fever produced less promising results. Although the sonicated immunoblot was reasonably sensitive to acute bartonellosis, the glycine extraction immunoblot displayed poor detection of B. bacilliformis infection in these sera. In patients suffering from acute disease, diagnostic bands were detected in 70% (7 of 10) of sera by the sonication immunoblot preparation and in 30% (3 of 10) of sera tested by the glycine immunoblot preparation. To determine whether the sensitivity discrepancy between acute and chronic bartonellosis was due to a lag in the formation of IgG antibody, a modified sonicated-antigen enzyme-linked immunoelectrotransfer blot was prepared, substituting horseradish peroxidase-conjugated goat antibody to human IgM in the conjugate binding step. This IgM-specific immunoblot failed to detect additional cases of acute bartonellosis, successfully identifying only 60% (6 of 10) of these cases (Table 1) .
Immunoblot specificity. Both immunoblots were extremely specific ( Table 1 ). All 31 sera taken from healthy laboratory personnel from regions where bartonellosis was not endemic were accurately interpreted as negative for B. bacilliformis infection when tested by either immunoblotting method. Furthermore, neither immunoblot preparation method produced false-positive readings in the 49 archived sera from pediatric subjects. In sum, both the sonication and glycine extraction methods were 100% specific in the healthy control group examined.
Cross-reactions with antigenically similar bacteria. Infections with antigenically similar bacteria produced some crossreactions with B. bacilliformis antigens ( Table 2 ). The immunoblot produced by glycine antigen extraction yielded a greater frequency of antibody cross-reactions than did the sonicated immunoblot. In each immunoblot, Brucella species were particularly prone to cross-reactions. Sera from patients with brucellosis were read as B. bacilliformis positive in 34% (17 of 50) of sera tested via sonicated antigen preparation. Insufficient sera were drawn from two of these patients to permit their examination by glycine extraction immunoblotting. Of the remaining 48 brucellosis samples, 42% (n ϭ 20) produced crossreactions with glycine immunoblot antigens. In contrast, all 12 sera obtained from patients infected with B. henselae were nonreactive to B. bacilliformis antigen prepared by either method. Five percent (1 of 20) of the sera from patients infected by C. psittaci were read as positive when the sonication preparation was used. Again, insufficient sera were collected from six of these patients to allow their examination by the glycine extraction method. Of the 14 remaining sera, one (7%) was positive by the glycine extraction immunoblot preparation. Of the seven sera from Coxiella burnettii-infected patients, 14% (n ϭ 1) were positive when tested with sonicated antigen while 29% (n ϭ 2) tested positive in immunoblots performed with glycine-extracted antigen.
DISCUSSION
The sonicated-immunoblot preparation method presented here is suited for use in regions of endemicity. This newly developed assay for bartonellosis diagnosis is both extremely specific and highly sensitive after the acute phase of disease. Importantly, the antigen preparation required is simple, cost effective, and easy to perform and uses equipment already available in most regions of endemicity. The diagnostic protein bands used were chosen after comparison with well-defined positive and negative serum control pools. Selected diagnostic antigens were located at 17 and 18 kDa in this sonicatedantigen preparation. The immunoblot prepared by glycine extraction is not suited for use in detecting acute cases of bartonellosis and gave higher rates of cross-reaction with antigenically similar bacteria. Consequently, we recommend only the sonicated immunoblot for use in detecting B. bacilliformis infection.
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VOL. 7, 2000 SONICATED DIAGNOSTIC IMMUNOBLOT FOR BARTONELLOSIS 3 control, we used two different serum sets. Sera for the negative control pool used in selection of diagnostic bands were taken from healthy North Americans (a Centers for Disease Control and Prevention serum pool), while the specificities of these assays were determined through the testing of healthy persons from regions of Peru where bartonellosis is not endemic. Using sera from subjects native to a tropical country is important to the specificity testing of any bartonellosis immunoblotting method, due to the possibility of cross-reactions with antigens from other infectious diseases which plague such areas. Probed against these negative sera, the diagnostic immunoblot presented here demonstrated high specificity. The sonicated immunoblot we describe here yields reasonable sensitivity and specificity results. This diagnostic immunoblot is 70% sensitive to acute cases of bartonellosis and 94% sensitive to chronic cases of the disease. An IgM-specific immunoblot was no more sensitive to acute bartonellosis than was an IgG immunoblot. The assay is extremely specific, with 100% specificity.
While previous published reports have not carefully examined the role of cross-reactions in diagnostic immunoblotting methods for bartonellosis, we thoroughly investigated possible antibody cross-reactions. Antibodies to several different bacteria were found to cross-react with the diagnostic B. bacilliformis antigens utilized in this immunoblotting technique. These cross-reactions result from the high degree of antigenic similarity between B. bacilliformis and the bacteria examined here (5, 6, 15, 17, 18, 22, 23) . Antibodies to C. psittaci produced cross-reactions in 5% of the sera tested. Antibodies to C. burnettii produced cross-reactions in 14% of the sera. A high degree of cross-reactivity with antibodies to Brucella species was observed, as 34% of the sera examined yielded crossreactions to the B. bacilliformis diagnostic antigens used. The high cross-reactivity of these immunoblots with sera taken from patients with brucellosis is disconcerting, but both bartonellosis and brucellosis are uncommon; we do not recommend the use of these assays in areas where brucellosis is highly endemic. Furthermore, although brucellosis is endemic to Peru, it is now becoming a relatively rare disease due to the institution of widespread pasteurization of dairy products. One benefit of particular interest is the lack of cross-reaction with antibodies to B. henselae. Despite the extensive homology between these species, no cross-reactions with B. henselae antibodies were found. The fidelity of this immunoblotting technique to B. bacilliformis, relative to B. henselae, is especially important given the clinical similarity of bartonellosis and bacillary angiomatosis.
In 1988, Knobloch (16) reported a B. bacilliformis-specific immunoblotting technique which involved a three-step antigen purification protocol requiring high-performance liquid chromatography and photodiode array detection. Although this immunoblot does yield high sensitivity and specificity, the costly, laborious techniques utilized in its preparation preclude its widespread implementation in laboratories in areas of endemicity. In this report, we present an immunoblotting protocol that is a simple, time-and cost-effective technique requiring no special technology. The ease of sonicated immunoblotting, the low sensitivity of peripheral-blood smear examination in nonacute forms of disease, and the difficulty of diagnosis by biopsy make this immunoblotting method especially useful for developing countries such as Peru. The sonicated immunoblot reported here is remarkably sensitive to B. bacilliformis antibodies that are present in the sera of patients with chronic disease while yielding reasonable results in acute disease. This sonicated-antigen immunoblot is ideally suited for use in regions of endemicity and may be implemented both in the diagnosis of bartonellosis and to better determine the epidemiology of this disease. Future investigations will be performed to ascertain whether cross-reactions may be reduced by using a purified OMP preparation rather than the crude antigen employed here. Cross-reactivity to brucellosis in high-risk populations is the major defect of the present immunoblotting technique, and further definition of proteins is required to enable us to define an assay which does not cross-react with Brucella species. Indeed, additional work in the development of a diagnostic immunoblot for bartonellosis should focus on the effort to avoid cross-reaction with antibodies to the bacteria included in this study, most notably with Brucella species, without sacrificing the high sensitivity and specificity of the sonicated immunoblot reported here.
